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(57)Abstract: 

PURPOSE: To provide the nonaqueous electrolyte 
secondary battery having the excellent cycle 
characteristic. 

CONSTITUTION: The material to be used for active 
material is expressed by a chemical formula LiyNil- 
xMex02 (Me means any one of Ti, V, Mn, Fe), and in the 
formula, mole number of x f y is set at 0.2<y<1 .3 and 
0<x<0.5 in the case where Me means Ti, V, Fe, and 
0<x<0.6 in the case where Me means Mn, and this 
material for active material has the crystal structure of a 
hexagonal crystal group. This nonaqueous electrolyte 
secondary battery consists of a positive electrode 
having a lattice constant aO at 2.83-2.89&angst;, and a 
lattice constant cO at 14.1 5-1 4.3 1&angst;, which is fixed 
on the basis of the X-ray diffraction figure, and a 
negative electrode made of any one of lithium, lithium 
alloy, and the carbon material, in which lithium is 
intercalated, and the nonaqueous electrolyte. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to improvement of a nonaqueous electrolyte 
secondary battery, especially the cell which used the lithium multiple oxide for the active 
material material of the anode. 
[0002] 

[Description of the Prior Art]In recent years, portableHzing of electronic equipment, such as AV 
equipment or a personal computer, and cordless making are progressing quickly, and the demand 
to small size and the rechargeable battery which is lightweight and has high energy density is 
high as these power supplies for a drive. A nonaqueous secondary battery, especially a lithium 
secondary battery have great expectation at such a point as a cell which especially has high 
tension and high energy density. 

[0003]The laminar compound which can carry out intercalation and the DEIN hawk rate of the 
lithium as a positive-active-material material which fills the above-mentioned request, For 
example, L' 1 - x Ni0 2 (however, 0<=x<1) (U.S. Pat. No. 4302518 specification), Lithium and 

transition metals, such as Li nickeL 0 9 ( J P, 2-40861, A) or Li nickel Co., 0 9 (however, 0< 

x<=0.75, y<=1) (JP,63-299056,A). The multiple oxide (it is hereafter described as a lithium 
multiple oxide) made into a subject was proposed, in addition, A x M y N z 0 2 (however, A — Al Cal 

metal.) M a transition metal and N by at least one sort in aluminum, In, and Sn The multiple oxide 
of 0.05<=x<=1.10, 0.85<=y<=1,00, and 0.001<=z<=0.10 (JP,62-90863,A), Li x M y N z 0 2 (however, a 

transition metal at least one sort of M.) N had [ main active material, and / lithium and a copper 
multiple oxide ] a proposal (JP,4-22066,A) etc. which are made sub active material by at least 
one sort of a nontransition metal in 0.05<=x<=1.10, 0.85<=y<=1 .00, and 0<=z<=0.10. 
[0004]And embodiment development of the rechargeable battery of the high energy density 
which had 4V class discharge voltage using such active material materials is furthered. 
[0005] 

[Problem(s) to be Solved by the Invention]If Li 1 _ x Ni0 2 (however, 0<=x<1) (it is hereafter 

described as LiNi0 2 ) shows the potential beyond 4V to lithium and it is used for it as positive 

active material, it can realize here the rechargeable battery which has high energy density. 
However, although the service capacity of 1 00 or more mAh/g was obtained in early stages of 
the cycle, the charging and discharging characteristic deteriorated with the increase in the 
number of cycles, and in the number of 50 cycles, the charging and discharging characteristic fell 
to 65% of initial capacity, and had the technical problem that a good cycle characteristic was not 
acquired. 

[0006]Nickel is used as a transition metal among the presentations expressed with the above- 
mentioned formula to such a technical problem, The multiple oxide which replaced the part with 
indium, ammonium, tin, etc. which are nontransition metals is compounded, and the proposal that 
the cycle characteristic as a cell outstanding by improving positive active material is acquired is 
made. 
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[0007]However, discharge voltage tends to become low and the lithium multiple oxide which 
replaced some nickel by the above elements results in reducing the feature of the high tension 
and high energy density which are originally demanded. 
[0008] 

[Means for Solving the Problem]In order to solve the above-mentioned technical problem, this 
invention is what is expressed with chemical formula Li y nickel 1 _ x Me x 0 2 (however, Me Ti, V, Mn, 
or Fe>, The number of mols in [ x and y ] a formula is 0< x<0.6, when 0.2< y<=1.3 and Me are Ti, 
V, and Fe and 0< x<0.5 and Me are Mn, Grating constant a Q which has a crystal structure of a 
hexagonal system and is identified from an X diffraction figure 2.83-2.89 A, When c Q is an anode 
which is 14.1 5-1 4.31 A. the range of y is 0.2< y<1.0, Me(s) are Ti, V, and Fe and 0< x<0.5 and Me 
are Mn, by 0< x<0.6. At the time of 1.0<=y<=1.3. when Me(s) are Ti, V, and Fe and 0< x<0.5 and 
Me are Mn, active material material which is 0.01<=x<=0.4 is used for an anode. 
[0009]Especially in chemical formula Li y nickel 1 _ x Me x 0 2 , Me is Mn, The number of mols in [ x and 
y ] a formula is expressed with 1.0<=y<=1.3 and 0.01<=x<=0.4, Grating constant a Q is 2.87-2.89 A, 
and c Q is 14.1 5-1 4.25A, If intensity ratio (006)/(101) of a diffraction peak of a field and (101) a 
field which a Miller index of a hexagonal system shows (006) uses less than 0.60 and positive 

active material whose sizes of unit cell volume are 101-103 (A 3 ), the still better characteristic 
will be obtained. 

[00 10]In chemical formula Li y nickel 1 _ x Me x 0 2 , Me is Mn, The number of mols in [ x and y ] a 
formula 1 .0<=ty<=1 .3 and the above-mentioned multiple oxide expressed with 0.01<=x<=0.4, nickel 
(OH) 2 equivalent to the number of atomic mols of nickel which a manganic acid ghost or 
hydroxide equivalent to the number of atomic mols of Mn which x shows, and 1-x show, A LiN0 3 
hydrate equivalent to one 1.1 to 1.3 times the number of Li-atom mols of this which a NiCOg 
hydrate, at least one sort of nickel compounds selected from groups of NiO, and y show, At least 
one sort of lithium compounds selected from groups of Li 2 C0 3 and Li 2 0 are used as a starting 

material, and it compounds by air or an oxidizing atmosphere by oxygen at baking treatment 
temperature of 700-900 **. 

[0011]Active material material is what is expressed with chemical formula Li y nickel 2(1 _ x) Me 2x 0 4 
(however, Me Ti, V, Mn, or Fe), The number of mols in [ x and y ] a formula is 0.K x<0.6, when 
0.2< y<=1.0 and Me are Ti and V and 0.K x<0.5 and Me are Mn and Fe, It has a crystal structure 
of cubic system of a Spinel structure relative, and grating constant a 0 identified from an X 
diffraction figure uses for an anode active material material which is 8.15-8.30A. 
[0012]By using such a positive-active-material material, it finds out that a nonaqueous 
electrolyte secondary battery in which it has high battery actuation voltage, and an outstanding 
cycle characteristic is shown is obtained. 
[0013] 

[Function]The main cationic species which determine the skeletal structure with a hexagonal 
system of LiNi0 2 , and nickel (trivalent) have sirloin pin type electronic structure arrangement, 
and seven electrons are accommodated in the 3d level. By the 6th and the 7th electron of such 
an oxide, electronic states differ greatly. That is, since a Fermi level will fall in the subjacent 
orbital of two big orbits which form 3d level if piece electrons decrease in number from the 7th, 
when the electron conductivity by the upper part orbit with which the electron was filled 
selectively from the first falls or the occupancy orbit itself changes, a spin moment changes. As 
a result, the crystal field which influences a crystal structure changes and maintenance of the 
hexagonal system of the original basic skeleton depended on this becomes difficult. Therefore, 
when using LiNi0 2 as an anode, whenever it repeats oxidation reaction, i.e., charge operation, in 
charge and discharge, a crystal structure deteriorates gradually, and we are anxious about 
depolarization ability falling gradually. This is considered to be one factor which checks a good 
cycle characteristic. 
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[0014]Since realization of the high order oxide state which has six electrons in 3d level for the 
reason for the above in the time of overcharge is difficult when spinel system oxide LiNi 2 0 4 
using nickel is considered, for example, practicality is scarce by a very unstable substance. 
[0015]When 3d level compounds nickel multiple oxide containing the transition metals Ti (formal 
valence electron number tetravalence) and V (formal valence electron number pentavalence) 
which are vacancies in this invention, Mixture-ization with the vacancy orbit of the still lower 
energy level which these transition metal oxides form tends to be enabled, the stable crystal 
field by exchange operation tends to be obtained also in charge, and it is going to improve a 
cycle characteristic. By compounding nickel multiple oxide in which an electron contains 3-4 Mn 
(formal valence electron number tetravalence - trivalent) or 5-6 Fe(s) (formal valence electron 
number trivalent - divalent) in 3d level, Two orbits of 3d level fulfilled by the portion which the 
transition metal oxide in which these mixed valence states are possible has, and the orbit of the 
aforementioned nickel (trivalent) are mixture-ized, An improvement of electron conductivity 
tends to be aimed at by formation of the band with which both metallic elements were filled 
selectively, the stable crystal field by exchange operation tends to be simultaneously obtained 
also in charge, and it is going to improve a cycle characteristic. 

[0016]As for the nontransition metal which contains proposed aluminum conventionally, d orbit 
does not exist, and the 4d level with which Sn and In were filled exists. However, mixture-izing is 
difficult or because orbits differ even if an element like the former replaces. Even if replaced by 
the element which is an electronic state in which an energy level is higher than 3d level like the 
latter, high operating potential is not expectable, but in Ti, V, Mn, and Fe in which an occupancy 
band exists in 3d level like nickel, it can be expected that the potential which a Ni oxide shows, 
and the almost same potential are formed. 

[0017]The multiple oxide which replaced some such nickel with various transition metal elements 
can form the hexagonal system of a layer system or the cubic system of spinel relative structure 
which shows a specific grating constant within the limits, and can also perform the composition 
easily. 
[0018] 

[Example]Hereafter, this invention is explained in accordance with a concrete example with a 
drawing. 

[0019](Example 1) In composition of Li y nickel 1 _ x Me x 0 2 (however, Me Ti, V, Mn, or Fe), Li 2 0 and 
NiO as a substitution transition metal element as a charge of a principal member In for example, 
the case of a Ti system. After in the case of a Ti0 2 (rutile type) and V system in the case of the 
V 2 0 5 and Mn system mixing alpha or gamma type Fe 2 0 3 in the ease of a Mn0 2 and Fe system 
so that it may become predetermined composition ratio, it fabricates to a tablet and calcinates in 
the 20-hour air at 850 **. After grinding and rinsing this, it dries at 1 10 ** and a particle with a 
mean particle diameter of 4 micrometers is obtained. 

[0020]Next, in composition of Li y nickel 2(1 _ x) Me 2x 0 4 (however, Me Ti, V, Mn, or Fe), Li 2 0 and NiO 
as a substitution transition metal element as a charge of a principal member In for example, the 
case of a Ti system. After in the case of a Ti0 2 (rutile type) and V system in the case of the 
V 2 0 5 and Mn system mixing alpha or gamma type Fe 2 0 3 in the case of a Mn0 2 and Fe system 
so that it may become predetermined composition ratio, it fabricates to a tablet and calcinates in 
the 20-hour air at 800 **. After grinding and rinsing this, it dries at 1 1 0 ** and a particle with a 
mean particle diameter of 5 micrometers is obtained. 

[0021]When y is set to 0.1, 1.0, 1.3, and 1.5 among the obtained samples, the result of the grating 
constant computed from the X diffraction figure of the multiple oxide which has the presentation 
corresponding to various x values is shown in drawing 1 - drawing 6 . 

[0022]The grating constant of the multiple oxide of the hexagonal system expressed with 
Li y nickel 1 ^ x Me x 0 2 (however, Me Ti, V, Mn, or Fe) so that drawing 1 - drawing 4 may show, So 
that 2.83-2.89, and c Q may understand a Q from drawing 5 and drawing 6 at 14.15-14.31, and the 
appearance, As for the grating constant of the multiple oxide of the cubic system expressed with 
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Li y nickel 2(1 ^ x) Me 2x 0 4 (however, Me Ti, V, Mn, or Fe), a Q was set to 8.15-8.30. 
[0023]In order to choose the optimum value of such positive active material, the voltage width 
which performs the potential scan of a sample pole and forms the peak current value of cathode 
response current and the half the price of a peak current waveform was examined. The 
composition of a sample electrode fills up the electrode of 8-cm 2 with the positive electrode 
mixture mixed so that positive active material, acetylene black, and a fluoro-resin system binder 
might be set to 7:1.5:1.5 by a weight ratio, the counter electrode Li and a reference pole — 
another Li and an electrolysis solution — the mixed solvent of ethylene carbonate and the 
diethylene carbonate 1:1 — UPF 6 1mol/L — it was considered as the dissolved solution and the 
scan speed was performed in 3.1 V-4.5V by 2 mV/s. 

[0024]The peak current value of the cathode response current corresponding to x values each 
when y is set to 1.0 is shown in drawing 7 and drawing 8 . 

[0025]In Ti, V, and Fe (0< x<0.5), in the case of Mn (0< x<0.6) f the multiple oxide of the 
hexagonal system expressed with Li y nickel^ x Me x 0 2 (however, Me Ti, V, Mn, or Fe) that drawing 
7_shows is good, but. In the case of Mn (0.01<=x<=0.4), a result of the very good peak current 
value is especially brought. The multiple oxide of the cubic system expressed with Li y nickel 2(1 _ x) 
Me 2x°4 ( howeve r. Me Ti, V, Mn, or Fe) so that drawing 8 may show on the other hand In the 

case of Ti and V (0.K x<0.5). The peak current value was good at the time in Mn and Fe (0.K 
x<0.6). 

[0026]Next, when referred to as x= 0.2 in the range of x value which shows the good 
characteristic with a hexagonal system, the peak current value of the cathode response current 
over various y is shown in drawing 9 , 

[0027]y is missing from 0.2-1.5, and the characteristic of not less than 70 mA is shown so that 
drawing 9 may show, but it is especially the best at 1.0-1.3. Also when y is 1.5, it is good, but 
since the tendency for superfluous Li which is not kept for a reaction to remain in an anode 
begins to appear, it is considered to be good to be referred to as 1.3 as a y value in this case. 
The sample by which y was compounded by 0.1 resulted in reducing a cathode peak current 
value by half. A good synthetic condition compounds the lower limit of y by 0.2 from this, and 
compounds upper limit by 1 .3. 

[0028]Although not shown in a figure, the sample by which y was compounded with cubic system 
0.1 also resulted in reducing a cathode peak current value by half. A composition top is difficult 
for doping Li which compounding by 0.2 is good as for the lower limit of y, and exceeds 1.0 also 
in this case. As for y, (0.2< y<=1.0) is considered to be one of the optimal conditions from such a 
result. 

[0029]Next, the average value of voltage width is shown in drawing 10 and drawing 1 1 . when the 
average value of voltage width belongs to the range of the above-mentioned x value from these 
figures, minimum upper limit is set to 3.85V-4.03V — about — it is realized as positive active 
material which has the high tension of 4V system. 

[0030]From the above result, in the case of a hexagonal system, (0.2< y<=1.3) divides y on 
optimal-synthesis conditions, and when a substitution transition metal element is Mn, 
1.0<=y<=1.3 is considered to be still better conditions. The grating constant of the crystal 
belonging to the limited range of this x and y, The result of the aforementioned cathode peak 
current measurement and the range of a in all Q are set to 2.83 to 2.89, and c Q is set to 14.15 to 
14.31, When especially a substituted element is Mn, the range of a Q equivalent to the 
composition range of 0.01<=x<=0.4 is set to 2.87 to 2.89, c Q is set to 14.15 to 14.25, and the still 
better characteristic is obtained in this field. 

[0031]On the other hand, in the case of cubic system, y is considered that (0.2< y<=1.0) is 
optimal-synthesis conditions. The result of the aforementioned cathode peak current 
measurement and the range of a in all Q are set to 8.15 to 8.30, and, as for the grating constant 

of the crystal belonging to the limited range of this x and y, the good characteristic is obtained in 
this field. 
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[0032]Next, especially a hexagonal system explains the manufacturing method of Li nickel., _ 
x Me x 0 2 (however, the range 0.01<=x<=0.4 of x and y, 1.0<=y<=1.3) which was the fitness of the 
characteristic. 

[0033](Example 2) Chemical formula Li y nickel 1 _ x Me x 0 2 of a hexagonal system belongs to the 
space group R3m. Many researchers are considering the relation of a crystal structure and y 
value, for example, a pure nickel series without a substitution substance — J.B. Goodenough and 
others (J. Phys.Chem.Solids 5 (1 958) 107) is presupposing that there is an almost negative 
straight-line relation the cell body product as a hexagonal rhombohedron cell, and the relation of 
y value. That is. a cell body product decreases with the increase in y value. J.R. Dawn and others 
(Solid State Ionics 44 (1990) 87) computes the diffraction-peak-intensity ratio (it is described as 
the following I) of a field to the Miller-index (101) side (006) identified from the X diffraction 
figure of this crystal structure, The following conclusions are drawn together with the result of 
previous Goodenough and others. That is, I and a rhombohedron cell body product are mutually 
positioned as an increasing function, and I and y value are conversely expressed as a negative 
function. As for this, I decreases with the increase in y value. I in y= 1 is about 0.5 in the report. 
[0034]From this, the diffraction-peak-intensity ratio I is positioned as an important crystal 
parameter which shows the character of a crystal structure, 

[0035]This invention persons repeated examination wholeheartedly so that they may find out 
relation with the influence which it has on such a report result and electrochemical 
characteristics, and also a synthetic starting material. 

[0036]For example, it adjusts so that it may become a prescribed composition ratio by using 
Mn0 2 as a starting material as Li 2 0, NiO, and quality of an additive as the synthesizing method 
of a principal member described in Example 1, i.e., a charge, and I of a sample and the relation of 
a cathode peak current value which were compounded in a 20-hour air atmosphere at 850 ** are 
shown in drawing 12. As shown in a figure, I followed on increasing, and the cathode peak current 
value decreased and is inactivated. It turns out that not less than 80 mA of current values are 
acquired, and I is in an active state or less by 0.6. 

[0037]Next, the relation between I and a grating constant is shown in drawing 13 and drawing 14 
As shown in a figure, I follows grating constant a Q and c Q on increasing, and the grating constant 
is large rapidly. I from which not less than 80 mA of cathode peak current values which were 
acquired by drawing 12 are acquired in the 0.6 or less range a grating constant, It has turned out 
that .t is within the range of 2.87<a Q <2.89 and 1 4.1 5<c Q <1 4.25. and agrees with the range which 
electrochemical activity and crystal parameter explained in Example 1. That is. if it is the sample 
that the compound multiple oxide fills a diffraction-peak-intensity ratio (006) / (101) <0.6, the 
information that it is moreover the range of grating constant 2.87<a Q <2.89 and 1 4.1 5<c 0 <1 4.25 
will be electrochemically acquired in activity. Since the sample a Q shows 2.87 or less and c 0 
indicates 14.15 or less to be was not able to be obtained by the ability not to compound it on an 
experiment about the lower limit of grating constant a Q and c 0 . it determined based on this fact. 
It turned out that y value in case I is 0.6 is 1 .02 as a result of a chemical analysis. 
[0038]Next. the relation between hexagonal unit cell volume and I value is shown in drawing 15 . 
Calculation of unit cell volume was computed based on the grating constant. As a result, I value 
shows 0.6 or less in 101-103 (A 3 ), and it can expect to be activity electrochemically. 
[0039]A lattice body product was not able to compound experimentally about 101 or less sample. 

(Example 3) The manufacturing method which compounds the positive active material which has 
such a crystal parameter is explained concretely. The lithium compound used as the charge of a 
synthetic start material Li 2 0, Li 2 0 2 , They are mentioned by Li 2 C0 3 , Li 2 S0 4 . a LiN0 3 hydrate, Lil, 
Li (OH) hydrate, etc., and a nickel compound, NiO, nickel(N0 3 ) 2 , a NiC0 3 hydrate, nickel(OH) 2 , 
NiS0 4 , nickel(C 2 H 3 0 3 ) 2 hydrate, etc. are mentioned, and, as for a manganese compound, Mn0 2 
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and alphaMn 2 0 3 , gammaMnOOH. etc. are mentioned. 

[0040]However, when Li 2 0 2 , Lil, and Li (OH) hydrate were used as a starting material among the 

above-mentioned lithium compounds, it was difficult for grating constant a Q to become 2.89 or 

more, and for I value to become 0.6 or more, and to obtain positive active material with the 
target crystal structure. 

[0041]When nickel(N0 3 ) 2 and NiS0 4 were used as a starting material among the above- 
mentioned nickel compounds in a similar manner, it was difficult for grating constant a Q to 

become 2.89 or more, and for I value to become 0.6 or more, and to obtain positive active 
material with the target crystal structure too. 

[0042](Example 4) x of chemical formula Liyniekel^Mn^ and y explain the synthetic method 
of the active material which makes basic composition x= 0.01 and y= 1.0. 

[0043](Table 1) is a synthetic example at the time of using the lithium compound of the number 
of Li-atom mols of the amount of stoichiometry which above-mentioned x and y show, and the 
nickel compound of the number of Ni-atoms mols of the amount of stoichiometry. The 
manganese compound to be used was made into manganese dioxide, and manganese dioxide of 
the number of Mn atom mols of the amount of stoichiometry which x value shows was used. In 
composition, the specified quantity of a lithium compound, manganese dioxide, and a nickel 
compound is mixed, pressing is carried out by 3 t of total pressure by a 1g unit, and a tablet is 
obtained. With the combustion boat, this was processed by an air atmosphere for the calcination 
temperature of 850 **, and 20 hours. After grinding and rinsing this, it dries at 110 ** and a 
particle with a mean particle diameter of 4 micrometers is obtained 
[0044] 
[Table 1] 
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[0045](Table 2) is a synthetic example at the time of using a lithium compound 1.1 times the 
number of Li-atom mols of the amount of stoichiometry which above-mentioned x and y show, 
and the nickel compound of the number of Ni-atoms mols of the amount of stoichiometry 
[0046] 
[Table 2] 
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L 1.CO3 


N i (0H) 2 


2. 8 8 9 2 


1 4. 


2 4 4 6 


0. 5 9 


L i 2 C 0 


n i c o 3 a<.fa^ 


2. 8 8 9 4 


1 4. 


2 4 4 5 


0. 5 9 



[0Q47](Table 3) is a synthetic example at the time of using a lithium compound 1.3 times the 
number of Li-atom mols of the amount of stoichiometry which above-mentioned x and y show, 
and the nickel compound of the number of Ni-atoms mols of the amount of stoichiometry. 
[0048] 
[Table 3] 





N i 4k&® 






C 0 


I 


L i 


2O 


N i O 


2. 


8 8 9 8 


1 4. 


2 4 4 2 


0. 


5 8 


L i 


2O 


N i (OH) 2 


2. 


8 8 9 6 


1 4. 


2 4 4 3 


0. 


58 


L i 


2O 


N i C0 3 7jcfD#) 


2. 


8 8 9 7 


1 4. 


2 4 4 3 


0. 


5 9 


L i 


N O 3 7R* P«9 


N i O 


2. 


8 8 9 0 


1 4. 


24 4 7 


0. 


5 9 


L i 


N0 3 7jCft«J 


N i (OH) 2 


2. 


8 8 9 1 


1 4. 


2 4 4 8 


0. 


58 


L i 


N O 3 #fII«l 


N i C0 3 7kfQ$) 


2. 


88 8 3 


1 4. 


2 4 4 5 


0. 


5 8 


L i 


2CO3 


N i 0 


2. 


8 8 9 0 


1 4. 


2 4 4 2 


0. 


5 9 


L i 


2 C0 3 


N i (0H) 2 


2. 


8 8 9 1 


1 4. 


2 4 4 6 


0. 


5 9 


L i 


2C03 


N i C 0 3 7jcfn#f 


2. 


8 89 3 


1 4.2 4 4 4 


0. 


5 9 



[0049](Table 4) is a synthetic example at the time of using a lithium compound 1.5 times the 
number of Li-atom mols of the amount of stoichiometry which above-mentioned x and y show, 
and the nickel compound of the number of Ni-atoms mols of the amount of stoichiometry. 
[0050] 
[Table 4] 
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N 
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4. 
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0. 


5 7 


L 


i -.,0 


N 


i <0H) 2 


2.8 89 6 


1 


4. 


2 44 3 


0. 


5 8 


L 


i 2O 


N 


i CO 3**0425 


2.8 89 6 


1 


4. 


2 44 3 


0. 


5 9 


L 


i N0 3 7kfD^| 


N 


i 0 


2. 8 891 


1 


4. 


2 4 4 7 


0. 


5 9 


L 


i NOa*ffll 


N 


i (OH) 2 


2. 8890 


1 


4. 


244 7 


0. 


5 7 


L 


i N0 3 7jCfn®l 


N 


i C0 3 *?t!<g3 


2. 888 1 


1 


4. 


2445 


0. 


5 8 


L 


ijC0 3 


N 


i 0 


2.8 89 0 


1 


4. 


2442 


0. 


5 9 


L 


i :C0 3 


N 


i (0H) 2 


2. 889 1 


1 


4. 


2 4 4 5 


0. 


5 8 


L 


i 2 C 0 3 


N 


i C0 3 7MD435 


2.8 8 9 3 


1 


4. 


2 44 4 


0. 


5 9 



[0051]although I value becomes 0.60 or more and the lithium compound which should be added 
cannot expect the good characteristic from the above result in the case of stoichiometry — 1.-1- 
of stoichiometry — if it adds 1.5 times, I value becomes 0.6 or less and can expect the good 
characteristic. 

[0052]Although the details of the reason as for which beyond stoichiometry must add Li are still 
unknown now, they are imagined to be a thing resulting from the ease of carrying out of the 
thermal diffusion of Li. In the 1.3 times [1.1 to ] as many ranges, crystallinity is in a development 
process and is considered that dissolution into the solid phase of Li has taken place. However, in 
1.3 or more times, change is hardly accepted, but dissolution into the solid phase of Li does not 
take place easily, and is becoming. When the lithium compound of 1 .3 times or more is added, 
since the excessive lithium compound which was not kept for a reaction at the time of polar- 
plate composition remains and corrosive action is brought to a positive pole collector, it is fault. 
When Li 2 0 and NiO are used as a starting material, for example, as a result of analyzing y value 

when it was considered as actual size, 1.1, and 1.3 or 1.5 times to Li stoichiometry, it is set to 
0.93, 0.99, and 1.08 and 1.08, respectively, and superfluous Li compound addition is required to 
the amount of stoichiometry. 

[0053]As for the lithium compound which should be added from such an experimental result and 
a viewpoint of the quality control at the time of manufacture, it is desirable to consider it as 1.1 
to 1 .3 times to stoichiometry. 

[0054](Example 5) x of chemical formula Li y nickel 1 _ x Mn x 0 2 and y explain the synthetic method 
of the active material which makes basic composition x= 0.4 and y= 1 .0. 

[0055](Table 5) is a synthetic example at the time of using the lithium compound of the number 
of Li-atom mols of the amount of stoichiometry which above-mentioned x and y show, and the 
nickel compound of the number of Ni-atoms mols of the amount of stoichiometry. Other 
synthetic conditions presuppose that it is the same as that of Example 4. 
[0056] 
[Table 5] 
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[0057](Table 6) is a synthetic example at the time of using a lithium compound 1.1 times the 
number of Li-atom mots of the amount of stoichiometry which above-mentioned x and y show, 
and the nickel compound of the number of Ni-atoms mols of the amount of stoichiometry. 



[0058] 
[Table 6] 
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N i itia® 
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L i 2 0 


N i O 


2. 


8 8 8 9 


1 4. 


244 0 


0. 


5 8 


L i 2 0 


N i <0H) 2 


2. 


88 8 5 


1 4. 


2 4 4 2 


0.5 9 


L i 2 0 


N i C0 3 *=FP% 


2. 


8 8 8 1 


1 4. 


2 4 4 2 


0. 


5 9 


L i NOaTkfDfe 


N i O 


2. 


8 8 7 8 


1 4. 


2 4 4 7 


0. 


5 9 
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N i (OH) 2 
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8 8 7 5 


1 4. 


2448 


0. 


5 8 


L i N0 3 *M 
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1 4. 


2 4 4 6 


0. 


5 9 


L i.C0 3 


N i O 
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8 8 9 0 


1 4. 


2 4 4 3 


0. 


5 9 


L i i C 0 3 
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59 
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[0059](Table 7) is a synthetic example at the time of using a lithium compound 1.3 times the 
number of Li-atom mols of the amount of stoichiometry which above-mentioned x and y show, 
and the nickel compound of the number of Ni-atoms mols of the amount of stoichiometry. 
[0060] 
[Table 7] 
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4. 


2442 
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L i N0 3 #f&<Bj 
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2.88 78 
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4. 


2 4 4 6 


0. 


5 9 


L i N0 3 7fCfn«I 
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2.887 4 


1 


4. 


2447 


0. 


5 8 


l i no 3 *fn«a 
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i C0 3 7jcfD®t 


2.88 69 


1 


4. 


2 3 4 6 


0. 


5 8 


L i 2 C 0 3 


N 


i O 


2.88 90 


1 


4. 


2 4 4 3 


0. 


5 9 


L i 2 C 0 3 
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i <OH) 2 


2.88 9 1 


1 


4. 


2 4 4 4 


0. 


5 9 


L i 2 C Q 3 
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4. 
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0. 


5 9 



[0061](Table 8) is a synthetic example at the time of using a lithium compound 1.5 times the 
number of Li-atom mols of the amount of stoichiometry which above-mentioned x and y show, 
and the nickel compound of the number of Ni-atoms mols of the amount of stoichiometry. 



[0062] 
[Table 8] 




N i ft&fei 


a o 






C o 


I 


L i 2 0 


N i 0 


2. 8 8 87 


1 


4. 


2 4 3 8 


0. 


5 7 


L i 2 0 


N i <0H) 2 


2.8 8 7 7 


1 


4. 


2 4 4 2 


0. 


5 8 


L i 2 0 


N i C 0 3 7KfO^J 


2.8 8 7 7 


1 


4. 


2 4 4 1 


0. 


5 8 


L i N0 3 7j<fP^ 


N i O 


2.8 8 7 7 


1 


4. 


2 4 4 6 


0. 


5 9 


L i NOaTkfD^I 


N i (0H) 2 


2.8 8 7 4 


1 


4. 


2 4 4 6 


0. 


5 6 


L i NO 3 7jcf0<B!l 


N i COaTjtfD^ 


2.8 8 6 9 


1 


4. 


2 3 4 5 


0. 


58 


L i 2 C 0 3 


N i O 


2.8 8 90 


1 


4. 


2 4 4 2 


0. 


5 9 


L i 3 C 0 3 


N i (0H) 3 


2.8 8 90 


1 


4. 


2 4 4 3 


0. 


5 8 


L i 2 C 0 3 


N i co 3 ?jc?n#) 


2.8 8 92 


1 


4. 


2 4 4 3 


0. 


5 8 



[0063]As for the lithium compound which should be added like previous Example 4 from the 
above result, 1.1 to 1.3 times are desirable to stoichiometry. 

[0064](Example 6) x of chemical formula Li y nickel 1 _ x Mn x 0 2 and y explain the synthetic method 
of the active material which makes basic composition x= 0.01 and y= 1.3. 

[0065](Table 9) is a synthetic example at the time of using the lithium compound of the number 
of Li-atom mols of the amount of stoichiometry which above-mentioned x and y show, and the 
nickel compound of the number of Ni-atoms mols of the amount of stoichiometry. Other 
synthetic conditions presuppose that it is the same as that of Example 5. 
[0066] 
[Table 9] 
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L i 


N i jb£#I 


te*im a o 


C o 


] 


L i 2 0 


N i 0 


2. 8 7 9 1 


14.1995 


0. 5 9 


L i 2 0 


N i (OH) s 


2. 8 7 9 1 


14.1990 


0. 6 0 


L i a O 


N i C0 3 #«J$l 


2.8 7 93 


1 4. 1 9 9 2 


0. 5 9 


L i N0 3 *fD«l 


N i O 


2.8 7 92 


14.1993 


0. 6 0 


L i N0 3 *fO«!J 


N i (OH) 8 


2.8 7 93 


1 4. 1 9 9 2 


0. 5 9 


L i N OaTklD'Kl 


N i C0 3 *fd^I 


2. 8 7 9 4 


1 4.1 9 9 1 


0. 6 0 


L i jC0 3 


N i 0 


2.8 7 92 


1 4. 1 9 92 


0. 5 9 


L i 2 C 0 3 


N i <0H) 2 


2.8 7 92 


1 4. 1 9 9 4 


0. 6 1 


L i 2 C 0 3 


N i co 3 *fn#i 


2. 8 7 92 


1 4. 1 9 9 2 


0. 6 0 



[0067](Table 10) is a synthetic example at the time of using a lithium compound 1.1 times the 
number of Li-atom mols of the amount of stoichiometry which above-mentioned x and y show, 
and the nickel compound of the number of Ni-atoms mols of the amount of stoichiometry. 
[0068] 
[Table 10] 





N i tt<&«9 






C o 


I 


L i 


2 0 


N i 0 


2. 8 7 4 4 


1 4. 


19 5 5 


0. 


5 7 


L i 


2 0 


N i (OH) 2 


2.8 7 3 5 


1 4. 


19 5 3 


0. 


5 9 


L i 


,0 


N i CO 3**0 4fc 


2.8 7 3 6 


1 4. 


19 5 0 


0. 


5 9 


L i 




N i O 


2. 8 7 4 1 


1 4. 


19 5 2 


0. 


5 9 


L i 


no 3 7Kfa% 


N i (0H) 2 


2. 8 7 4 2 


1 4. 


19 5 5 


0. 


5 7 


L i 


N O a^KfO^I 


N i CO 3 7jcf0% 


2.8 7 4 2 


1 4. 


19 5 1 


0. 


5 9 


L i 


2 C0 3 


N i O 


2.8 7 4 3 


1 4. 


19 5 2 


0. 


5 9 


L i 


3 C O 3 


N i (OH> 2 


2.8 7 4 3 


1 4. 


19 5 2 


0. 


5 8 


L i 


2 C0 3 


NiCO 3 7jc?D^3 


2. 8 7 44 


1 4. 


19 5 2 


0. 


5 9 



[0069](Table 11) is a synthetic example at the time of using a lithium compound 1.3 times the 
number of Li-atom mols of the amount of stoichiometry which above-mentioned x and y show, 
and the nickel compound of the number of Ni-atoms mols of the amount of stoichiometry 
[0070] 
[Table 11] 
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58 
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59 
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0. 


58 


L i NO 3 3kf0#) 


Ni(OH) 2 
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1 4. 


19 5 4 
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57 


L i NOaTkfD® 


N i C0 3 7jcft#3 


2. 8 7 4 2 


1 4. 


19 5 1 


0. 


5 8 


L i 2 C 0 3 


N i 0 


2. 8 7 4 3 


1 4. 
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0. 


58 


L i 2 C 0 3 


N i (OH) 2 


2. 8 7 4 2 


1 4. 
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0. 


59 


L i z C 0 3 
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2. 87 4 1 


1 4. 


19 5 2 


0. 


58 



[0071](Table 12) is a synthetic example at the time of using a lithium compound 1.5 times the 
number of Li-atom mols of the amount of stoichiometry which above-mentioned x and y show, 
and the nickel compound of the number of Ni-atoms mols of the amount of stoichiometry 
[0072] 
[Table 12] 
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[0073]Although the lithium compound which should add from the above result in the case of y= 
1 .3 is good also at stoichiometry, 1 .1 to 1 .3 times are preferably desirable. 
[0074](Example 7) x of chemical formula Li y nickel 1 _ x Mn x 0 2 and y explain the synthetic method 
of the active material which makes basic composition x= 0.4 and y= 1 .3. 

[O075](Table 13) is a synthetic example at the time of using the lithium compound of the number 
of Li-atom mols of the amount of stoichiometry which above-mentioned x and y show, and the 
nickel compound of the number of Ni-atoms mols of the amount of stoichiometry. Other 
synthetic conditions presuppose that it is the same as that of Example 5 
[0076] 
[Table 13] 
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[0077](Table 14) is a synthetic example at the time of using a lithium compound 1.1 times the 
number of Li-atom mols of the amount of stoichiometry which above-mentioned x and y show, 
and the nickel compound of the number of Ni-atoms mols of the amount of stoichiometry. 
[0078] 
[Table 14] 
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[0079](Table 15) is a synthetic example at the time of using a lithium compound 1.3 times the 
number of Li-atom mols of the amount of stoichiometry which above-mentioned x and y show, 
and the nickel compound of the number of Ni-atoms mols of the amount of stoichiometry 
[0080] 
[Table 15] 
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[0081](Table 16) is a synthetic example at the time of using a lithium compound 1.5 times the 
number of Li-atom mols of the amount of stoichiometry which above-mentioned x and y show, 
and the nickel compound of the number of Ni-atoms mols of the amount of stoichiometry. 
0082] { 

[Table 16] 
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[0083]Although the lithium compound which should be added like previous Example 6 from the 

above result may be as stoichiometry, 1.1 to 1.3 times are preferably desirable. 

[0084]As the above example explained, in composition of chemical formula Li y nickel 1 _ x Mn x 0 2> x 

in a formula and the number of mols of y are 1.0<=y<=1.3 and 0.01<=x<=0.4, At least one sort out 
of the nickel compound equivalent to the number of atomic mols of nickel which manganese 
dioxide equivalent to the number of atomic mols of Mn which x shows, and 1-x show, NiO, nickel 
(OH) 2 » and NiC0 3 , If at least one 850 ** sort is calcinated in the air for 20 hours out of the 

lithium compound equivalent to one 1.1 to 1.3 times the number of Li-atom mols of this which y 
shows, Li 2 0, UNO3, and U 2 C0 3 , Grating constant a Q will be 2.87-2.89 A, c Q will be 14.15-14.25 

A, and 0.6 or less crystal parameter is obtained for I value. 

[0085]It is good also as a charge of a synthetic start material combining 2 or three sorts by the 
group of the above-mentioned lithium or a nickel compound. Although Examples 4-7 did not 
show, even if Li 2 S0 4 is used as a lithium compound and it uses nickel(C 2 H 3 0 2 ) 2 hydrate as a 

nickel compound, the same result as said starting material is obtained. 

[0086] However, at the former, by the latter, thermally, since it is unstable, generating of 

sulphurous gases cannot say that it is not necessarily good from a viewpoint of obtaining the 
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positive electrode material where a manufacture top or quality was stabilized. 
[0087]Although calcination temperature is considering it as 850 ** in this example, since [ with 
large half breadth of a crystal ] a degree of crystallinity becomes low, below 700 **, crystal 
structure degradation of the active material at the time of charge and discharge takes place 
easily. This brings an adverse effect to the cycle characteristic of a cell. Since there is a 
tendency for diffusion into the solid phase of Li to be restricted, Li doped quantity cannot be 
enough controlled by a low temperature region, either. 

[0088]Conversely, although there are few problems on a crystal structure above 900 **, since 
crystal growth is stable near 800 **, there is no meaning made into an elevated temperature not 
much. Therefore, as for calcination temperature, it is desirable to process within the range of 
700-900**. 

[0089]It is important to perform calcination by an oxidizing atmosphere. In hypoxia, since the 
places which carry out the trap of the Li ion decrease in number, Li doped quantity to a crystal 
decreases, and the tendency for I value to become large as a result appears. In such a state, an 
activity active material becomes is hard to be obtained electrochemically. Therefore, it is 
desirable for it to be necessary to perform baking treatment in the atmosphere which hypoxia 
can avoid, and to compound by air or oxygen environment. 

[0090](Example 8) In order to evaluate the cycle characteristic at the time of using for a cell the 
positive active material obtained next, the cylindrical shape cell was made as an experiment and 
examined. 

[0091]Mixed the positive-active-material 100 above-mentioned weight section, acetylene black 4 
weight section, graphite 4 weight section, and fluoro-resin system binder 7 weight section, 
considered it as positive electrode mixture, carboxymethyl cellulose solution was made 
suspended, and it was made paste state.Both sides of aluminum foil were plastered with this 
paste, and it rolled after desiccation, and was considered as the polar plate. 
[0092]The negative electrode mixed fluoro-resin system binder 10 weight section to carbon 
material 100 weight section which calcinated corks, made carboxymethyl cellulose solution 
suspended to it, and was made into paste state at it. And both sides of copper foil were 
plastered with this paste, and it rolled after desiccation, and was considered as the negative 
electrode plate. 

[0093]Drawing of longitudinal section of the cylindrical shape cell which used and constituted 
these polar plates is shown in drawing 16 . The composition of the cell attached the lead to 
positive [ band-like ] and each negative electrode plate, and stored it in winding and a cell case 
spirally via the separator made from polypropylene. What carried out specified quantity pouring 
and obturated this was made the electrolysis solution with the testing cell using what dissolved 
lithium perchlorate in the isochore product mixed solvent of propylene carbonate and ethylene 
carbonate at a rate of 1 mol/l. 

[0094]In this drawing 1 6 , the cell case into which 1 processed the stainless steel plate of organic 
electrolysis-proof acidity or alkalinity, the obturation board with which 2 provided the safety 
valve, and 3 show insulating packing. 4 is a group of electrode, and an anode board and a 
negative electrode plate are spirally wound via a separator, and it is stored in the case. And from 
the above-mentioned anode, the positive electrode lead 5 is pulled out and it is connected to the 
obturation board 2, and from the negative electrode, the negative electrode lead 6 is pulled out 
and it is connected to the pars basilaris ossis occipitalis of the cell case 1. 7 is provided in the 
vertical section of the group of electrode 4 with the insulating ring, respectively. 
[0095]The constant-current charge test was done for these testing cells at ordinary 
temperature up to 50 cycles under the conditions of 100 mA of charge and discharge currents, 
the charge final voltage 4.1V, and the discharge final voltage 3.0V. 

[0096]The relation between the service capacity per unit weight at the time of using the positive 
electrode material with which y is equivalent to 1.0 among positive active material, and x is 
equivalent to 0.2, and the number of cycles is shown in drawing 1 7 . The solid line showed in the 
figure the result of the sample (LiNiO £ ) which is equivalent to y= 1.0 and x= 0 for comparison. 
[0097]Even if the positive active material which replaced some nickel by one element of Ti, V, 
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Mn, and Fe was any of a hexagonal system and cubic system, its service capacity was better 
than an initial cycle to LiNi0 2 , and a good result was brought also with the subsequent cycle 
characteristic so that drawing 1 7 might show. Although not shown here, When the numbers of 
mols in [ x and y ] a formula are 0.2< y<=1.3, Ti, V, and Fe in the multiple oxide of the hexagonal 
system expressed with U y nickel 1 _ x Me x 0 2 (Me is Ti, V, Mn, or Fe) described previously (0< 
x<0.5), In the case of Mn (0< x<0.6). When the numbers of mols in [ x and y ] a formula are 0.2< 
y<=1.0, Ti, and V in the multiple oxide of the cubic system similarly expressed with Ly-iicke^^ 

Me 2x°4 ^ Me is Ti > V > Mn ' or Fe) (O.K x<0.5), The same result was obtained even if it used the 

positive active material which was limited in Mn and Fe (O.Kx<0.6), 
[0098] 

[Effect of the Invention]As mentioned above, in this invention, it is Li y nickel^ x Me x 0 2 (Me is Ti, 

V, Mn, or Fe) at positive-active-material material so that clearly, x in case x in case the inside y 
of a formula is 0.2< y<=1.3 and Me(s) are Ti, V, and Fe is (0< x<0.5) and Mn by 0< x<0.6. y is 
1.0<=y<=1.3, 0.01<=x<=0.4, or Li y nickel 2(1 _ x) Me 2x 0 4 (Me is Ti, V, Mn, or Fe) preferably, When x in 

case y in a formula is 0.2< y<=1.0 and Me(s) are Ti and V is O.K x<0.5, Mn, and Fe, O.K x<0.6 is 
used. 

Therefore, the nonaqueous electrolyte secondary battery excellent in the cycle characteristic 
can be obtained. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
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LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 
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3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ]figure (in the case of y= 0.1 and 1 .0) in which Me shows the grating constant of the 
hexagonal system of Ti and V by Li nickel. Me O, 

[Drawing 2] figure (in the case of y= 1.3 and 1 .5) in which Me shows the grating constant of the 
hexagonal system of Ti and V by Li nickel Me O, 

[Drawing 3]f igure (in the case of y= 0.1 and 1.0) in which Me shows the grating constant of the 
hexagonal system of Mn and Fe by Li y nickel 1 _ x Me x 0 2 

[Drawing 4] The figure in which Me shows the grating constant of the hexagonal system of Mn 
and Fe by Lyiickel^Me^ (in the case of y= 1.3 and 1.5) 

[Drawing 5 ]The figure in which Me shows the grating constant of the cubic system of Ti and V 
by Li y nickel 2(1 _ x) Me 2x 0 4 (in the case of y= 0.1 and 1.0) 

[Drawing 6] The figure in which Me shows the grating constant of the cubic system of Mn and Fe 
by Li y nickel 2(1 _ x) Me 2x 0 4 (in the case of y= 0.1 and 1.0) 

[Drawing 7]The figure showing the cathode current peak value of Li y nickel t _ x Me x 0 2 
[Drawing 8]The figure showing the cathode current peak value of Li nickels, ,M e „ O 
[Drawing 9]The figure showing the cathode current peak value of Lyiickel^Me 0 2 
[Drawing 10] The figure showing the average value of the voltage width of cathode peak current 
[Drawing 11j The figure showing the average value of the voltage width of cathode peak current 
[Drawing 12j The figure showing the relation of the cathode peak current and diffraction-peak- 
intensity ratio I (006) (/(101)) 

[Drawing 13] The figure showing the relation between grating constant c Q and the diffraction- 
peak-intensity ratio I (006) (/(101)) 

[ Drawin g 14] The figure showing the relation between grating constant a Q and the diffraction- 
peak-intensity ratio I (006) (/(101)) 

[Drawing 15] The figure showing the relation between hexagonal unit cell volume and the 
diffraction-peak-intensity ratio I (006) (/(1 01)) 

[Drawing 16] Drawing of longitudinal section of the cylindrical shape cell in the example of this 
invention 

[Drawing 17] The figure showing the relation of service capacity and a cycle characteristic 
[Description of Notations] 

1 Cell case 

2 Obturation board 

3 Insulating packing 

4 Group of electrode 

5 Positive electrode lead 

6 Negative electrode lead 

7 Insulating ring 
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* NOTICES * 
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CLAIMS 



[Claim(s)] 

[Claim 1]Active material material is what is expressed with chemical formula Li y nickel 1 _ x Me x 0 2 

(however, Me Ti, V, Mn, or Fe), The number of mols in [ x and y ] a formula is 0< x<0.6, when 
0.2< y<=1.3 and Me are Ti, V, and Fe and 0< x<0.5 and Me are Mn, An anode whose grating 
constant a Q which has a crystal structure of a hexagonal system and is identified from an X 

diffraction figure is 2.83-2.89 A and whose c Q is 14.15-14.31 A, A nonaqueous electrolyte 

secondary battery which comprised a negative electrode which consists of either of the carbon 
materials which intercalated lithium, a lithium alloy, or lithium, and nonaqueous electrolyte. 
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©-?£>£„ 

[0016] a# v s^^nt^tA 1 *<5tsim&& 
r fcttittfUfc art -eartflsasHJlTfco *: 0 , m# 

t^fiXV K#N i £P«3 d«4(Cffft-T5T i , 

v, Mn, Fe-eii, n i mitmt^-rm&t mimw 

[0 0 17] £©J: 5 *N i ©S^&JRtc 
[0 0 18] 

[0 0 19] (^J6^iJ 1 ) L i , N i h Me.Oi ({i. L 
MefiTi, V, Mn, F e <£>V>T ft^) l£ =Hfc 

ottt, MitfiltfiiLTLi^iNiO^ g& 

m , V»©i#, V 2 O s . Mnl©!^, Mn0 2 , 

Jt*fcfc-5 £ 5 1 gffllaftg LT 8 5 0 °C 

•C2 0NFlWS* t f-C*fiR1-5. in*»?*Lr*ftLfc 

1 1 otmsistu ¥Wi4Mm©fif*#5 0 

[00 2 0] WCLi^hw Mea O, ((ILMe 
«Ti, V, Mn, FeOV^fW CO-g-J&tCgfcoT 
tt, miLt£±ttWk LTL i 2 OiN i OSr s g&«# 
^JS7C*iL-CT i^©4§-§\ TiO, (/^/WM) , 



(4) ftffl¥-5-2 8 3 0 7 6 

6 

a*>*Vfiya©Fe,o»Sr3f*©iBl*H:*{c 
&3 J;5»£-Lfc&, m\\ZI&MLX8 0 0 e C-C2 0 

[0 0 2 1] #6>;h,;fcim<D5tN y*0. l, 1. 

0, 1. 3, 1. 5tLftm, m*<Dxmz.MfcLizm. 

l:©^?r® 1 ~@ 6 \c^-f 0 
10 [0022] Ol ~~M4l)*ht>i*?> <fc 5 L i r N i 
1-, Me.Oj ({g.LMe&T i , V, Mn, FetDV^f 

a. ^2. 8 3 ~ 2 . 8 9, c.^14. 1 5 ~ 1 4 . 3 

1, 0 6^P>fc^5J:5l-. Li.Ni 
ia-* Me 2, 0« (jILMelJTi, V, Mn, F e © 

r±, a. ^8. 15~8. SO^iofc, 

[0023] r.nb©iEas#i®ro*ii«*S^i-5fc 

a, ptmmomffl&t&ftvxi) y- mmmffiw- 

1. 5:1. 5£#5J:5l-^Lfc;E®-g-$J£8cm 2 
©«®IC?g«L, »figL i , #HRS$r9J0>L i , ttUft 

i ©s«tL iPF.i ^/w/ 1 miLititmb 

^taili2mV/sf3. 1V~4. 5VC0^ffl 

[0 0 2 4] y^l. 0 t Lfc^C0#xffilCM^1-5^ 
30 V- KJS^@^» t°-^ 7 , 08.|;*f o 

[0 0 2 5] 07 1>>bt>fr% i 5 (- L i , N i h. Me, 
O z (flLMe^Ti, V, Mn, FeOPf^>) 7? 
*$it5^*- B B B »»^^t^|4T i , V, F e 

(0<x<0. 5) , MnOM (0<x<0. 6) Tf 
&%-X'hZ>fr s k*)t>nMn(Dllk<fr (0. OlSx^ 

0. 4) -eli«>-cA»4tr-^flKiHS[©»*i:/j:o-cv^ 

5 0 — ^ Li,Ni !M Me j, (fiLMe I4T 

1, V, Mn, FeW-ftl**) X$t£HZttM>%<D 

40 (0. Kx<0. 5) > Mn, FeCf^ (0. 1< 
x<0. 6) ©Nf, tr-^*«ttASA»-C*)ofc D 

[0026] mzttM*%xmti:¥ftii&7F-rxm<Dm 

[0 0 2 7) 09i»?>}3A^i5^y^O.. 2~1. 5 

0mAtii©#tt^t^\ 0~ 
1. 3-Cf±*t>ftV>. y#l. 5©«ft>A#-ett*>5 

50 <Dtf&^t% Z.t>tl6o *fcy#0. lT^^ttfcK 



7 

© r ir^byOTPMSttO. 2, ±|5S|tfil. 3T'3i& 
[0 0 2 8] Hfctt3*$ftd»ofc#S % ic^r B ^T* 

y # o . i -c^ritsiifcfwt* w—tmMms. 

feytt (0. 2<ygl. 0) #ftjf &#©-o £ 

[0 0 2 9] lfc\Z.W&ffi<D¥mt&m 10, 111 1 1 Ktf 
•T. r ft & ©@ J; «J ®E<g©¥*H«3±flE x «©®ffl{c 
TPS±PS#:^ 3. 8 5 V~ 4 . 0 3V btt 

[0 0 3 0] «±©iMb&»6, % y Ht 

( 0 . 2 < y < 1 . 3 ) £ t> frttgjfc 

S#&«7cSf^Mn©#3\ 1. O^ygl. 3#$P> 

^ S^iftlS©^* b #:b-tf:T a . ©$gfflas 2 . 8 3 j&» P> 
2. 89, 0.2*14. 15^f>14. 3 1^4!), i 
i-g&S^Mn©^-, 0. 0 1^x^0. 4©#lj$ 
iSffltCtBS-t-^ a.©®ffl^2. 87^^,2. 8 9, c. 
^14. 15^14. 2 5i4!), 

[0 0 3 1] &;frS3RO»£\ y 11 ( 0 . 2 < y 

^i.o) *s*ar^j«*fl=-eife«i#^p,ns. 
r© x , y ©Ps^teHtcjs-r^o^^ictt, mis© 

$ y- K fc - ^«»£©M * £ -a"tH£T a « ©tSffl^ 30 
8. 15*»6>8. 30£fttJ, :©ttTM*!|tti! 

#kft5„ 

[0 0 3 2] *lCA3bT*3RTWfcWlfe©S»-C*)ofcL 
i , N i i-, Me.Oi (ffl. L x , y OffiS 0 . Olgx^ 
0. 4, 1. OrSySl. 3) ©tetSsfco^TRW-f 

[0 0 3 3] (J||£#iJ 2 ) A***©ft^tL i , N i 
.-, Me,Oittg*W#R3mfc:JRi\ J££fltif£ yflt<!: 

t;i4S(tyt©»J. B. ;/yhVt7 6 (J. 

Phys. Chem. Solids 5 (1958) 1 

0 7) li, f5#AeoBB§8#jasfe5£ LT^3 0 
*>, y ffi©if ADfc £ % ft o T-feyP^aifi^i- 5 b ^ o 
<b©Tfc5„ J. R. y-^b (Solid S 

tate Ionics 4 4 (1 9 9 0) 8 7) l±* 

oi) m^tttz (oo6) m<D®tir¥-?%imtt m 



#l¥5-2 8 3 0 7 6 

8 

M#±A'#&t£KWZ.mto®®;b LT&«<51} ?>tl, » 
T?y=l (CjoftS Ul^O. 5t4otV^„ 

[0034] :©rw^, @*r*-*3S*tfcitt % # 

[0 0 3 5] ^SWWfett, -©±5 4*15***:** 

[0036] $1601 l T*i^£-£j&2ffe, -f 4t> 
*>±W»fc tTL is 0£N i O, tHntoffJ: LTMn 

8 5 0tt?2 0«#W2**H**?£jfcLfcK»© I £ 
mtWP L, ^Stfeft: L"tV>5,> I # 0 . 6 RTtlt 

nmm-t 8 0 mA&±Mt>timmm\cfoz> - ^ 

[0037] 1 tft^jak^wBHfiifcovxTigi 
3, li4l'*t„ Hi»fet>*»5J;5Ui, fe^feWt 

t<ftoTV^5. 01 2T'# 5>tlfcJ:5 4*y- Kfc- 
^ m^tt^ 8 0 m A«±# fcftS I d s 0 . 6 tiT©teffl 
■CiltS^F-^fi, 2. 87<ao<2. 89, 14. 1 

5<c»<i4. 25 (ommsiftizh *> , wwbsftftft . 

K*k»a«lHi*ftr-^3^tt: (006) / (101) < 

0. 6 zmft-f- x 5 tmnvhtiiz. mmt^iz^ 

t?L^'b*& J f-^2. 8 7<ao<2. 8 9, 14. 1 
5<co<14. 25(D$mX-foZb^5ffimimhtl 
5. frf^Ra., c.©TBHBHvOVn-CH\ a»^2. 

8 7^r, c 0255 14. 1 5^r^-r^M^m^±^ 

f&LX'&ZZbtfX-Zteti^tziDX^ r©*H{cS-^^ 
T^Lfc 0 /«£*5, I 75*0. 6©l$©yltliffc^##f© 
IS*, 1. 0 2t*fc5:i:^ofc, 
[0 0 3 8] ^fi©*(fc«^F#«i: I fii:©5B 
^icov^THi 5fc^-f 0 Wi^ff»©n-^tt^^ 

»icS^V^T^aiLfc 0 r©M*, 10 1-10 3 (A 
3 ) ©ilflf^o. 6»T^L, *«-fk^WlCg 

[0 0 3 9] 4*5 % »^-flc«as l 0 1 £iT©Pfc^{COV> 

iv&ttimn bfi^^-t? Mtsmx li 2 o, li 2 

Oj, Li 2 C0 3 , Li 2 SO, , L i NOaTKft^, Li 

1, Li (OH) itffaifat£b1fim-f feti, =y^/Hk-a- 
#J«, N i O, N i (NOi) 2, N i CChTkftfe, N 



i (OH) t% N i SO,, N i (C 2 H* Oa) t*ft4fe& 

2 0 3 , yMnOOH/^W^5 t 
[0 0 4 0] L^L±mV^^Mt^-m<Doh, Li 2 

o 2 , l i i, Li (oh) *.%}®*m%%)mtLtzm 

»^-*»a.tt2. 8 5.0 1*110. 6« 

[004 1] mM\z.±.m~yfr/Hk&yo<7) 5 *>, N i 
(NO,) , % NiSO, Lfc#g\ flHPJfc 

$Uoll2. 8 9«±, 5.01*110. 6£1±£&9, 

^11 K> g ft<z>«£*mtfr# LfcjEfH£*Mtfc#3 r b 11 

[004 2] (§H»j4) fc¥SX i,N ih Mn, 0 2 
©x, y#x = 0. 01, y=l. 0 ^g^I^I-^ * 



(6) ! Hl¥5-2 8 30 76 

10 

[0 0 4 3] mi) tis JbBx, y^*tlM<OL 

i jr^-^a*© y ^ * -Mk^fr e>r/K:«i*©N i m 

10 zK- hT\ j&J&iBg8 5 0^C, 2 0B#fS!, S«»BB*T? 
fltSLfc. L-T*fttfc«, 1 1 CCtfftj* 

U Jp*&ttg4/im«W|ft^-Sr#5. 
[0 0 4 4] 

imi) 





N i 




Co 


I 


L i 2 0 


N i 0 


2. 8 9 1 1 


1 4. 2 5 52 


0. 


6 2 


L i 2 0 


N i (0H) 2 


2.89 10 


1 4. 2 5 5 3 


0. 


62 


L i 2 0 


N % C0 3 7jcfP«3 


2. 8 9 1 0 


1 4. 2 5 5 5 


0. 


6 2 


L i N0 3 7jc?P^| 


N i O 


2. 8 9 0 1 


1 4. 2 5 4 9 


0. 


6 1 


L i N0 3 7Kft«J 


N i (0H> 2 


2. 8 9 0 3 


1 4.2 5 4 8 


0. 


6 1 


L i N0 3 **U4& 


N i C0 3*«I«I 


2. 8 9 0 2 


1 4.2 54 6 


0. 


6 1 


L i 2 C 0 


N i 0 


2.8911 


1 4.2 5 5 3 


0. 


6 3 


L i 2 C0 3 


N i (0H-)j 


2.8912 


14.2 5 5 5 


0. 


6 2 


L i.COu 


N i C 0 3 7kfD#j 


2.8914 


1 4.2 5 5 5 


0. 


6 2 



[0 0 4 5] m 2 ) tt % ±15 x , y * WJMtt© 30* l^ilT-fc 6„ 
1. lfi£©L iJ*?*A«Qy^9.Mk6tt& femcS [0 0 4 6] 

11»N i W^fr&(Q~y^Mk&ty%m^tzM-&<D%k 





N i 


#=f a □ 




c 0 


I 


L 


i 2 0 


N 


i 0 


2. 8 8 9 9 


1 4. 


2 4 4 2 


0 


5 8 


L 


i zO 


N 


i (0H) 2 


2.8 9 00 


1 4. 


24 4 3 


0 


5 9 


L 


i 2 0 


N 


i c 0 3 7k?n^ 


2. 8 8 9 7 


1 4. 


2 4 4 4 


0. 


5 9 


L 


i NOaTkfnfe 


N 


i 0 


2. 8 8 9 1 


1 4. 


2 4 4 9 


0. 


5 9 


L 


i NOaTkftJ^ 


N 


i (0H) 2 


2. 8 8 9 2 


1 4. 


2 4 4 8 


0. 


5 8 


L 


i N0 3 7K*Qfe> 


N 


i C 0 3 *fM& 


2. 8 8 8 5 


1 4. 


2 4 4 6 


0. 


5 9 


L 


i 2CO3 


N 


i 0 


2. 8 8 9 1 


1 4. 


2 4 4 3 


0. 


5 9 


L 


i 2CO3 


N 


i (0H) 2 


2.8 8 9 2 


1 4. 


2 4 4 6 


0. 


5 9 


L 


i 2 C0 3 


N 


i C 0 3 7KfQfe 


2. 8 8 9 4 


1 4. 


2 4 4 5 


0. 


5 9 



[0 0 4 7] (3t3) fl, -hf5x, y#/TttS6iO ^W"C*S« 
1 . 3fff(75L i JS^A#© !> f - £ -Mb£fcft fctffc* [0 0 4 8] 

ii©N \w**fr%.v>-v>rM\L'&m*m^tz.m&<D 50 1*3] 



(7) 



11 



^¥5-2 8 3 0 7 6 
12 



L i <t&%! 


' N i <t^«? 


a o 




C o 


1 


L i -0 


N i O 


2. 


88 9 8 


1 4. 


2 4 4 2 


0. 


5 8 


L i 2 0 


N i (OH) s 


2. 


889 6 


1 4. 


2443 


0. 


58 


L i z0 


N i C0 3 #fD$J 


2. 


889 7 


1 4. 


24 43 


0. 


59 


L i N0 3 tKIJ]^ 


N i O 


2. 


8 8 9 0 


14. 


2 4 4 7 


0. 


59 


L i N0 3 *fp® 


N i <OH> 2 


2. 


8891 


1 4. 


2448 


0. 


58 


L i NOsTKfn^ 


N i C0 3 7kfD#! 


2. 


888 3 


1 4. 


2 4 4 5 


0. 


5 8 


LijCOj 


N i 0 


2. 


8890 


1 4. 


2 442 


0. 


5 9 


L i 2 C 0 3 


N i (OH) 2 


2. 


8891 


1 4. 


2 4 4 6 


0. 


5 9 


LhCOa 


N i C0 3 7jcfn«I 


2. 


88 9 3 


1 4. 


2 4 4 4 


0. 


5 9 



[0 0 4 9] (*4) li, ±lSx, y#^-TS^*0 *&J&M-?hZ 0 

i. sfgcoL iW^^frWtny^vMk&mtebmzm [0050] 



L i 2 0 
L i 2 0 
L i 2 0 

L i N 0 3 7jc|Q^I 
L i M0 3 7jcfD^ 
L i N0 3 7jcfn^ 
L i 2 C0 3 
L i 2 C 0 3 
L i 2 C 0 3 



N i 



N iO 

N i <OH)v 

N i C0 3 ?JcfO^ 

N i O 

N i (OH) 2 

N i C OaTRfDfe 

N i O 

H i <OH) 2 

N i C 0 3 7jcfnfe 



C o 



2.8 89 8 
2.8 8 9 6 
2.8 8 9 6 
2.8 8 9 1 
2. 88 9 0 
2.88 8 1 
2.88 9 0 
2. 8 8 9 1 
2. 8 8 9 3 



1 4. 2 4 4 2 
1 4. 2 4 4 3 
1 4. 2 4 4 3 
1 4,2 4 4 7 
1 4.2 4 4 7 
1 4. 2 4 4 5 
1 4.-2 4 4 2 
1 4.2 4 4 5 
1 4.2 4 4 4 



1 



0. 5 7 
0. 5 8 
0. 5 9 
0. 5 9 
0.5 7 
0.5 8 
0.5 9 
0. 5 8 
0. 5 9 



[0051] sx±<D$mfrb, mn-t^v^VAib^ 

m*m*t£<DM&, Itt^O. 6 0U±t 
tt^#T^*V^ N *Jft|fc0>i. 1-1. 5fSJD^5 

[0 0 5 2] Li S^*^JtW±^JPL^^i•^^^i^b^v^ 

L^£^gm-3^iffii*LT^5 0 1. lflf*^ 
1. 3{&<o«SI!Tii, *NMfeiS£^gfc:*>!K LiO 

1. 3«£l±"CHtS4:A/if*fls*IBftP)n"r, L i co@ 
1. 3^±(^y ^^Aft-Mfc«r»ftib*:»&, 

5o Sfc* #lxl*L i 2 OtN i 0%iti%mWt Ltzm 
L i«Wfcfcl#LT*tt, 1. 1, 1. 3, 1. 5 



«fcbfcl*©y||[«r»*fLfclS*, *tl^Pix0. 93, 
0. 9 9, 1. 0 8, 1. 0 8fcfc5. «Mkfc#LT 

[0 0 5 3] r^i5^^M**5ct0®^(7)p R p^ 

LTl. 1-1. a»irrS£*#S*Ll\ 
[0 0 5 4] SOfiW5) fc^L i y Nih Mn*0 2 
40 (Ox, y#x = 0. 4, y=l. 0 ZMMm t 

[0 0 5 5] ($5) f±, ±|Ex, y#*tfM^L 

3 0 4*5, «©^*^»IOI[«4i:RI-i:t5. 
[0 0 5 6] 
1*5] 



(8) 4#M¥5-2 8 3 0 7 6 

13 14 





N i it&fa 


ft^jeis a 0 


Co 


I 


L i 2 0 


N i 0 


2. 8 9 3 0 


1 4.2 5 5 1 


0. 6 1 


L i 2 0 


N i (OH) 2 


2. 89 3 1 


1 4.25 53 


0. 6 1 


L i 2 0 


N i co 3 *fa^ 


2. 8 930 


1 4. 2 5 5 4 


0. 6 1 


L i NO a *ft4& 


N i 0 


2,89 3 2 


1 4. 2 5 4 8 


0. 6 1 


L i N 0 3 *fnfe 


N i (OH> 2 


2.893 3 


1 4.2 5 4 8 


0. 6 1 


L i N0 3 7k*fl4& 


N i c 0 37kfa^ 


2.8 932 


1 4.2 5 4 6 


0. 6 1 


L i 2 C0 3 


N i 0 


2. 89 3 1 


1 4. 2 5 5 3 


0. 6 2 


L i 2 C0 3 


N i (0H) 2 


2. 8933 


1 4.2 5 5 5 


0.6 1 


L i zC 0 3 


N i C 0 3 7jcfD«5 


2. 8 932 


1 4. 2 5 5 4 


0. 6 1 



[0 0 5 7] m 6 ) 14, ±|B x , y fttijc-fMftftO * S. 

1. lfgF©L i I^t/Vt© y f-^Aft^^Ji feffti [0058] 

§&*©n i mtt/v&<o=. yfrM\&®*m^tz.w&<D * [a 6 ] 





n i M&m 






C 0 


I 


L i 2 0 


N i 0 


2.8 8 89 


1 4. 


2 4 4 0 


0. 


5 8 


L i 2 0 


N i (OH)z 


2.8 8 85 


1 4. 


2 4 4 2 


0. 


5 9 


L i 2 0 


N i COaTklD^l 


2. 8 8 8 1 


1 4. 


2 4 4 2 


0. 


5 9 


L i NO 3 7kf0«3 


N i O 


2 . 8. 8 7 8 


1 4. 


2 4 4 7 


0. 


5 9 


L i NO 3 *f04&) 


N i (OH) 2 


2. 8 8 7 5 


1 4. 


2 4 4 8 


0. 


5 8 


L i N0 3 7jOfD«!) 


N i CO 3 7kf04&) 


2. 8 8 7 0 


1 4. 


2 4 4 6 


0. 


5 9 


L i 2 C 0 3 


N i O 


2.8 8 9 0 


1 4. 


2 4 4 3 


0. 


5 9 


L ijCOj 


N i (0H) 2 


2.8 89 2 


1 4. 


2 4 4 5 


0. 


5 9 


Li : CO : , 


N i C0 3 7jt#D^I 


2.889 4 


1 4. 


2 4 4 5 


0. 


5 9 



[0 0 5 9] (£7) 14, _k|Ex, y 



[0 0 6 0] 
[*7] 



(9) 



15 



16 



2 8 3 0 7 6 





N i it-&® 






C 0 


I 


L i:0 


N i 0 


2. 8 8 8 7 


1 4. 


243 9 


D. 


5 8 


L i 2 0 


N i (0H) 2 


2. 8880 


1 4. 


2 4 4 5 


0. 


5 9 


L i s O 


N i C0 3 *fD^ 


2. 8 8 7 7 


1 4. 


2 4 4 2 


0. 


5 9 


L i N0 3 *fll^l 


N i 0 


2.8 87 8 


1 4. 


2 4 4 6 


0. 


5 9 


L i NOaTklDiBj 


N i (0H) 2 


2. 8874 


i 4. 


2 4 4 7 


0. 


5 8 


L i N 03*10*5 


n i coottam 


2. 8 8 6 9 


1 4. 


2 3 4 6 


0. 


5 8 


L i 2 C 0 3 


N i 0 


2. 8 8 9 0 


1 4. 


2 4 4 3 


0. 


5 9 


L i j C 0 a 


N i (0H) 2 


2. 8 8 9 1 


1 4. 


2 4 4 4 


0. 


5 9 


L i 2CO3 


N i COaTlcfn^ 


2. 8 8 9 3 


1 4. 


2 4 4 4 


0. 


5 9 



10061] ms) ±Ex, y^-rmmm<D 
1 . 5 <g© l i w-^^n Mk&%it£bmz.m 



10 0 6 2] 
[*8] 





N i 


a 0 




c 0 


I 


L i 2 0 


N i 0 


2. 


8 8 8 7 


1 4. 


2 4 3 8 


0. 


5 7 


L i 2 0 


N i <0H) 2 


2. 


8 8 7 7 


1 4. 


2 4 4 2 


0. 


5 8 


L i 2 0 


N i C0 3 :*#D4£j 


2. 


8 8 7 7 


1 4. 


2 4 4 1 


0. 


5 8 


L i N0 3 7jCfO^| 


N i 0 


2. 


8 8 7 7 


1 4. 


2 4 4 6 


0. 


5 9 


L i N0 3 7jcfD$| 


N i (OH) 2 


2. 


8 8 7 4 


1 4. 


2 4 4 6 


0. 


5 6 


UNO 37jc#D^? 


N i CO 3 7jtf0#) 


2. 


8 8 6 9 


1 4. 


2 3 4 5 


0. 


5 8 


L i 2 C O 3 


N i O 


2. 


8 8 9 0 


1 4. 


2 4 4 2 


0. 


5 9 


L i 2 C 0 3 


N i (OH)* 


2. 


8 8 9 0 


1 4. 


2 4 4 3 


0. 


5 8 


L i 2 C O 3 


N i C0 3 7XfD4&J 


2. 


8 8 9 2 


1 4. 


2 4 4 3 


0. 


5 8 



[oo6 3] ujKD&mfrb, %<Dmffi.m4 tmm. m 

[0 0 6 4] (*tW6) {t^L i,N i,-, Mn.O, 
(Ox, y#x = 0. 0 1, y=l. 3 %m*mf&t-tZ> 



[0 0 6 5] (St9) it. ±SBx, yiJ^tiiiOL 

[0 0 6 6] 
1*9] 



(10) 



17 



18 



2 8 3 0 7 6 



1. 3{&CDL i IgtiF-^/HR© 9=?-$ -Mfc-£-#J# <b [0 0 7 0] 



L i it&fy 


n i ik&fa 




C 0 


} 


L i 2 0 


N i 0 


2. 87 9 1 


14.1995 


0. 5 9 
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